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FORLWORD

This report was prepared by Hughes Aircraft Company, Culver City,

California, under Contract Number AF 33(615)-2460, a continuation of work

performed under Contract AF 33(615)-1235. The contract was initiated under

Project No. 7381, "Materials Application," Task No. 738103r "Materials

Information Development, Collection and Processing." The work was admin-

istered under the direction of the hir Torce Materials Laboratory, Research

and Technology Division, Air Force Systems Command, Wright-Patterson Air

Force Base, Ohio, with Mr. R. F. Klinger, Project Engineer.

The EPIC Information Analysis Center is a center for the collection, re-

viei and analysis of the scientific and technical literature on the electrical

and electronic properties of materials. Its major function is to evaluate,

compile and publish the experimental data from that literature. Through the

mediu, of a series of publications such as Data Sheets, Special Reports, State-

of-the-Art Peports, Computer Bibliographies, and services including special

otudies, answers to technical inquiries, research support is provided to the

DoD community. EPIC input is primarily from the open literature. A large

number of abstract journals, in addition to about 40 other journals, and the

unclassified report literature are completely searched.

The initial step in the preparation of this data sheet was the retrieval,

by means of a modified coordinate index, of all cadmium oxide literature in

the EPIC file. Bibliographies were also reviewed to ensure the inclusion of

all relevant literature. Those papers containing primary source data were

selected unless only secondary references were available.

If equally valid data are available from several sources, all are given.

Data are relected when considered questionable because of faulty or dubious
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measurements, unknown sample composition, or if more reliable and Inclusive data

a: available from another source. Selection of data is based upon evaluation

of that which is most representative, precise, reliable and inclusive over a

wide range of parameters. The addition of new data to a material compilation

rCquire a reappraisal of the reported values. Older data may be deleted in

light of the new data.

Within every property section we have tried to include every available

parameter and range of experimental condition in the literature. Information

on test conditions and sample specification are extracted from the article.

Some slight alterations in units and presentation may be made to facilitate

comparison with other experimental data.

This report consists of the compiled data sheets on cadmium oxide. A full

liot of EPIC publications to date appears at the end of the report.

The author wishes to acknowledge the assistance afforded by Dr. J. J.

Grocnan in reviewing the experimental data, and the contribution of Mr. E.

Schafer in the pre-publication review of the compilation. The supporting

aoir;tance of other members of the EPIC staff, in particular, Mrs. Jean Forest,

Mr. Thomas Lyndon, and Mr. W. S. Hodge, is gratefully acknowledged,
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ABSTRACT

These data sheets present a compilation of a wide rnnge of electronic

properties for cadmium oxide. Electrical properties include conductivity,

dielectric constant, Hall coefficient, and mobility. Emission data have

been broken down intu the varied electron and photon emissions which result

from application of electromagnetic energy over a wide spectrum. Energy data

include energy bands, energy gap, and energy levels, as well as effective

mass tables, and work function. The optical properties include absorption,

reflection, and refractive index. Magnetic data are presented, as well as

oev'ral other physical phenomena, such as Debye temperature. Thermsoelectric

and thermomagnetic properties are shown. Each property is compiled over the

widest possible range of parameters including bulk and film form, from ref-

erences obtained in a thorough literature search.

A summary'of crystal structure and phase transitions has been included.

This report has been reviewed and is approved for publication.

Emil Schafer, Assist Head
Electronic Properties Information Center

f6 hn W. Atwoo d

kroject Manager'
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'INTRO.DUCTION

C~dw~a oxde-crystalliies 5.i-only ope. bodificationj tha -face-eentered cabi:6

(halite tyrpe). the. ysl -vary in -colo6r ftro Iback -zwnor green U.o orange-yell-ow

atnd! yellow, -depending on the amiount of 'free cadmpiumprsent,. yEowdeis varyr in ,colow1
due to the pafrticli- size. Thez cziytai growt-hplane, is -erally (n).The :habit
is ,crucifctr, denritic or at orescent, inadtin he accl-crsas whic

for'.n ,an arc-furnace. 4  i
-The lattic-e paraffeters. :ave been measrd humereu ie.Bl vausrneor

~ a_ -4-6991 A, to W.9 orv ue maeil o aftiu oxide -jsmokeP, -,a value

of 4.708 Z is given and for films two -values; 4.69XXai 4.7 69

DonnaY2 -gives, two, values, for -crystalline material; density is 8.1-5 gAcm at 20tC.;C

Ia -= 4,;694-3 O.0O3
ao = -4.7-08 O 0.002

Cadmium, oxide dedoMpbses, in vacuum at 350C -and a, mfetallic cadmium -iro apjpears,..

In Air,- Sublimation begips at _900 0 d. The sublimation point,, accordih& to -the latest
ava4ilable determiination is 15640 C', although loe-aus~av engvn)the

.HANDBOOK( OF CHEMiSTRY AND PYICS4 states that the suhblimation pont isaov ,426

Cadmium 6xide and, cadr;,i , fortn soli1d-_ _62ut, ons it 1 rpnin.-The---dissocia-

tion constant of theb"admium oxide decreases strongly with increasing -cadiium .content.

-The saturated solution of cadmlluni in the oxide 4s almost non-dissociative. On, the,

formation of -the solid solutionbyk heating in a- vacuums, the lattice constant of -the

$ colour deepens until 'it becomes black.. 'On tieating the, intertta camumsbime.

Tepresence of 6h excess of.free eletrons in the lattice ,of the ,solid solution :is

responsible for the n-type semicondicti vity of cadmium oxide as well 'as its catalytic

activity.,,

The thermal zonducti!-Vlty decreases m~arkedly with increase. of o yen pressure,

indicating increases *of interstitial oxygen in-the cadmium .oxide.1
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'4 I~~~,b~ rtorage commn~ie scaast punamk .ick el ia txc.u fopsties --

cm akek - 2a-i0m Aorbi ~poed as -vAtron oiiiati bn-:bfdtb Ii-xtIns-d _ukd ~t-6

with arespc a l- elendctrica cohdu&.teiv~y anh ,d~k

oxie s now of amu oxd r stopnradW b.ig~r~e~i~y o duu
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- A~y ~cco maninicatol-n, .cdmum.,cdkide kde powdediojly-, ceb pr, ~2~~~c~s

inuoresecena -destihowy aftrocrionduet.*vith Thoitoef tIfat 4ne; - ns exngushed'

cm. anine -lum) asoed ga35 hmic ron g litefe14o -th f Vis -n.blc:uie

w mhseto toelria Aonduecrtipl and Ah cangreoith tetsoi uti I'te. pami

oide -a Jcnown Tt-hie cry trn srfc toivt asikoeviden ,ebyit usws~

b3odigt T ein caim teoxide Ros -t di2a1 ny25hdoidece~ o

formed edges and faces in t,. , (20,01plane. They are Ib~adk -,with .a 2,attice, donstant %f

4.6954. ,. Vrlow -amounts ,of bngeim silver land kcalcuniprtesaepeen 2

Cadtium 2oxide -is -pot ,superconductkve,. ,(Pef,. 13M,) -

Cadmiumfioxide. filmsj when doped.,-With cope anIni rfm~ ihyphtyotac

junctioni with selehiumi, Uhdoped films yield open circuit voltages vu -o , Vin,'7

sunlight. Copper doping .reduces the open circuit -potertial and, IndiW' dop' I ncra
;pg~~~ q Qraa e

- - ~'2~~~ -~ F



it. ~ef~.294O5 2 , eilm 4ejposited 4at _I04' t+emperatu-nes is :usab et. It fist.b
AZ 'e4 t4pratiA

stablie iyaneaiig. 7ime t~erTue of -t're~pia~isociie~,~t41is

:be dete minede ~e3mnt;Jly, eand this 5fraton g. thru by iered 1i 'the.

-Dresented -hem,.

'In- the, -hembtr.Zilc 1>pezbties zsectIon,, .elecfric. =odc-~~ d iheiffib

,c6nductit grhsi were aV-al able f or- the same samges),, -re gresented wVitW

thimal A-f ataA M-i ,br:erto fAcliftate ,cliavtion .o 01igure .6f -rniiit 'vakubs,:

..r.ss-referenici ng of germane inf orinati6n lis Aso _,provlded&.

XW!thin the indi-idul properties,, Araigemefit las ,gener@J'.-y !been- to zho 6-he

* uxe -,!aitple .datal followiedT!y -the tffects '.6 'Ppants (in a ahfibetaca odr; ;b

jpeir sea, ihowever., -is ,ften :iiot a alifyhg, faptop., andgrapihs,-may-:be,,anranged (6'

~~groiijp~~~4 acodngoexeiental jpArnameters..

lln -presenting tib~ulwa ,data,, ,valies- xte iiatickuE!' ag-ged. Jln sfine c'ases, -'

iby Aqra nt, in 6thers by -magnitude of mnumerical Tw.a~lue,. (On odcaslon~hw~e% h

walues ft, (one refrrnce imay, le tgro 6ed for (coupaion,.

'-Tbe 2references,, fz-om rwhidh -the .data are tdrawn, -are dhown lby z-cceslon znnier

L l~~elow each ,gr'afh, vith the full, libliogiaphic citatl6n- -tabul2ated iat the ,end odf the,

\data tsheets.. 'Te -hilbqgra hy is A~ted lby accession, iner,

7b,6 electrical conductlwlity of 1polycyt~ln -cdiu xd~ thoz6jza.

nealed, has. ~been imeasuxted .at *7 to '9 Go, 'The th~rfol energ gapbten:2R 4

~8O~ at hese fild agree with those measured in d..,c.. .fields.'

Accord"ng, to .-a rwecent zrticle'l in the M KAINSKY1 , ZYCHNY :ZHIURNM, 'tO' (adm'ium ioxid

film !has been studied as :a. transparent Lcontact f or (cadm~ium ,silf ide t3et Lbhotoconduc-

tors., lboth zingle =crstals and, films, \Volt-tampere and inoise dharamtdristills (of these,

.cadmium -oxide films indicate +hat it is 5a good. stable and transpitent ohmic (contact

and -is particularly effective -for Ion itudina gihotoeiectric kefficts,. 'The-'caam

oxide film :has a -resistivitY kof about ~3 x to 3 6 t, dr-n hi ei~v

5'o6x,, 3dm-6. lh§-ea,



ls ~tgi6xeo ibdepedent frog .1130k jo ASO, Mhe advtA#g&-v3- coutct charace-

2~~~~~seic ~ ~ ~ ~ ~ ~ 4Q -a eatbtdt h o~te~o i-n~hdti imon the

DDC az4 KASI tapes have been run -ro assm e cq~lzete cdvetaje for- th:is-u izteia1.

Very little Informzation is apparently &7-~a~c in the mprt literature-i fo r :UM-

1 Ott-INSHANHDBUCH DER ANO?-WINISCAEX CHEME; th Ed. Camiitii wilbeiz Virlaig
dhe -ee. GinbH, 1959, m6. 418;-430.

D09NAY, XiD.. CRYSTAL bkTA. DtEE;MiXAfli tABLES. 2n-d Ed. ."6ca Crystlo
,0-pby-A;soc. 1 1953.

3 LEHARCHANDS, H. M -nd, M., JACO19 M6e!IcA1 Ineria. SOC. 611A . DE FMVCE. BULL,j v. 5, no. 2,, 1935. p. 479:-487.

4, HANID!30YK OF CHEMISTRY AND PHYSICS, 46th Ed. Cleveland'. Chexmical Rubber Pbihn
/Co.,i 6 .55-1966.

-" 5SIDDALL,, G. The -Prebaratidh of Electrolutid eet Panel-,. -YACIX, -7 aid.& 8

6 LUCAS, L.N.D. Oriehtt-d CI4icza1 drowth on-Single Ctystals, of Zinc arfd 6aduiiin. -

I.ROYAL -SOC. 'OF LONDONI, PROC'.,- v. 215A, to. U-21, 3Rov. 25, 1952.Z. 162-1-74.

7 SUDDENi B. and R. POHL, ticiatelektrischie Leittmg und chemnisch6 Jindunhg;, 'Z. FiER-
* PHYS., v; 16, 1923. P, 42-45. -

-8 LkAHRIG, R H. -Gi~Wh 6f Cad;iim-1M- Oxide Citlstalt. J. 0F- -APPDI-iw PHYS., V. 34,- 'to.
Jan., 1963. p., 2347235.

9 bALT1RUSAlTIS and P. BRAZDZIUNAS. Electrical 'Conductiv~ity of Cdim Oxide in
High-frequency Electilc Fields. LIETUVOS FIZ. RINKIIISi LIETUEVOS TSRMOSKLU
AKAD, LITUO tSR AUKSTOSIOS MOKYKLOS, vi 4, no. 4, 1964. p. 537-541.

1b SVECHNiKOV, S.V., et a. OPhmilr Tr Ansparent Contact for 2-6 type Photocondur-t6rs.
UMR FIZ. ZH., v. 11, no. 1, 1966. p. 40-r44.
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AI FORCE SYSTEMS COMMAND

PREPARED MY ELIICTRONIC PROPERTIES INFORMATION CENTER * HUGHES AIRCRAFT COMPANY. CULVER CITY, CALIFORNIA

CADMIUM OXIDE

ABSORPTION

Photon energy (eV)
.25 .12 .0

0

4. 0
RV2 - 4-

a10 (1 cm)'*1 o=(,250 61 cm)'*o[ ;) I '
0o~~oit °  J 0"4 d," _ '_ ,°/ h  m -. .

=2 0 =)z
5 10 1 5 10 i5

-4 , 0.4
b -

5 10 15 3 0 0 i
Wavelength (u) Wavelength (p)

Absorption coefficient as a function of wavelength for cathode sputtered cadmium
oxide films. Films in a, b and c are variously prepared on a quartz substrate
and variously annealed. Variations in atmosphere and cur-eent density during de-
position develop films of different electrical conductivity as indicated by the
curves.

Films in d are from measurements in [4453) for films deposited on NaCl substrates.

Calculated from transmission/incident intensity without correction for
reflectivity (a ' l/d log IoID)

D = transmission
d = film thickness

ID = transmission intensityI0 = incident intensity

-Absorption coefficient calculated from transmission measurements by use of
equation for interference for absorbing films.

[Ref. 22103)
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PgSCAftCH ANO TECHNOLOGY DIVISION
AIIR PONCE SYST9MS COMMANO TI

PREPARED DY ELECTRONIC PROPERTIES INFORMATION CENTER~ e HUGHES AIRCRAFT COMPANY, CULVSR CITY. CAIgFORNIA

CADMIUM OXIDE

ABSORPTION
'Transmission as a function of wavelength

Photn enrgy eV)for a cadmium~ oxide, n-type filmD 314 mficrons
Photn enrgy eV)thick. Preparation is by cathode sputtering

100 J .9 in a nitrogen-oxygen atmosphere. The sub-
strate is single crystal sodium chloride.

s0 -eaurements are made at 3000 K. The re-
* suiting carrier concentrations after

o .0_ annealing the polycrystalline films are
~ 60 ~given below:

Annealing
Temperature

.0Curve nn. (1019 cur3)

O 2 4 6 8 10 12 14 + not annealed 1.6
0 160 10.0

Wavelength (pi) 0 300 7.0

[Ref. 7151J

Photon energy (eV)

.31 .16 JO

Absorption coefficient as a function -

of wavelength for the same highly
degenerate samples as in the above c
graph. Symbols for' curves correspond
to those listed above.

0 4 S I

Wavelength (pi)

[Ref. 7151J
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RESEARCH AND TIECHNOLOGY DIVISION U fa m' MOAIR Ponca *Yoram@ COMMAND ~w n~r

PMEPARMO MY ELECTRONIC PNOPSATI98- INFORMATION CINTER e.HUGHES AIRCRAFT COmPANY. CULVSR CITY, CA.IFORNIA

CADMIUM OXIDE

ABSORPTION Absorption coefficient as a function of
photon ene rgy for several n-type, cathode

Waveengt ()sputtered cadmium oxide films, between'
Waveengt (U)0.1 and 0.2 microns thick. Measurements

3.1 4.1are made at 3000 K. The films are do-

4J the absorption values are corrected
C) accordingly. Carrier concentrationS are

______given for films after annealing.
~44 ~4 -

Sybo5n (1019 cm-3)

00 ___ __ 1.3

4o1 5.7
0. + 9.0

x 15.5

4.0 3.5 30 2.5 2.0 1.

Photon energy (eV) Ee.239

Absorption coefficient at 3000K as a , aeegh(i
function of pho ton energy for cathode I A1.4 As .52 M5 .62
sputtered cadmium oxid e films pre-1.
pared in a nitrogen-oxygen atmosphere, 0-00
film thickness 0.12-0.16 microns.3.
Electron concentrations in 10 19 cm-3

are indicated as a parameter of the *1.0 .
curves. The intrinsic curve is 1.

marked 1( , with nn = 5 x 1016 cur3.

n is the variable ratio K/K0 . By L
calculating n for a definite range 0 0.5

0
and applying the theoretical curve,
nI% to the family of absorption

0
curves for various carrier con-r
centrat ion values, the theoretical 0- - - -

curve cuts the experimental curves 0 3.0 2.S Le6 24 2.3 20
at a point which indicates the
energy gap. As carrier concentra- Poo nry(V
tion increases, so does the energy
gap. [Ref. 22102)
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CADMIUM OXIDE

ABSORPTION

Photon energy (V
.12.5 2.1 .96

1.00 - - - -- -

00

0.7
dP I

0.60 -- - - - -

0.50 .4 .0 .5 .0 .6 .0 .7
Waeent (i

Trnmiso a fntono avlnghfr0pttrdcamu
oxide ilms, ll n-tpe, ude and doe ihcppro ni

Sptern wsdoeina10 xye-9%aro amspee3nopia

Tsmeshas aspa as hucih as thelnt pure saplutte cadowrum

oxie flms al n-ype unope an doed ithco er r(Refu. 245
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CADMIUM OXIDE

ABSORPTION

Wavelength (ui) Wavelength (ui)
- .30 A40 .50 .80 __ .30 .40 .50 .80

Ua _

o2.5

4-'~4- _____

i~2.0

.4
U 44

44 1.5 - 0_4
0)

1.0 1 ~04*

4J0.5 - -

4 0 3 2 14 3 2
Photon energy (eV) Photon energy We)

Absorption coefficient at 3000K as a function of photon energy for cadmium
oxide films. The films are prepared by cathode sputtering in nitrogen-oxygein
atmosphere.

a) I Not annealed b) Same curves plotted to
II Heated 1 hour in air at 2000C emphasize break in the

III Heated at 5000C in air non-annealed film at
"4l.8 eV.

Sample conductivity
W0~ (ohm cm)-1

a1 1.52

a 1.35
0111 1.10

[Ref. 118683
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MREAPICi AND TECHN:" f DI VISIONI
Aim rOn4ex sysTI 1862 AND

FMCAR8 IY EILECTRONIC PROPKRTIEu INFORMATION CENTER HUGESu AIRCRAFT COMPANY, CULVER OfTV. CALIP*F&OA

CADMIUMI OXIDE

ABSORPTiION

Wavelength (Pi) Wavelength (Pi)

.30 M3 AO .50*0O .0 30 .3 0 00 0
T".0--------TT

2.5-

4.'

4J.

44
14

44

0 0U .,4 4d
or 1.0- 

4J

0J

0____ 1030 K' 13730 K

10 K 3730K

4 3 2 432

Photon energy (eV) Photon energy (eV)

Absorption coefficient as a function of photon energy for a cadmium oxide

film prepared at two temperatures. The film was prepared by cathode

sputtering in a nitrogen-oxygen atmosphere, and was then annealed in air

at-5000C.

Evidently the shift in the absorption coefficient on annealing, leads to

a constant value; there is minimum shift during further temperature changes.

[Ref. 11868)
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CADMIUM OXIDE

ABSORPTION

Dependence3 of resistivity and transmission of cadmim oxide films on the
oxygen co ntent of the discharge gas.

Optical Tranumi sion Resistivity
Sputtering at A a 5460 A k g per sq.

Time Oxygen Baking Baking Thickness
Mins. in Argon Before After Before After ,

5 100 77 79 18.3 1.96
10 100 57 60 9.5 0.545 -

15 100 47 52 5.0 0.315 -
20 100 47 52 4.3 0.288 .0426

5 75 73 78 9.0 1.490 -

10 75 56 60 6.3 0.440 -

15 75 48 53 4.1 0.297 -
20 75 44 50 2.3 0.238 .0509

5 50 78 78 7.9 1.690 -
10 50 56 58 5.0 0.427 -

15 50 50 54 4.8 0.290 -
20 50 44 48 2.3 0.180 .0543

5 25 70 73 9.0 1.150 -
10-_ 25 56 58 1.9 0.436 -

15 25 44 48 1.8 0.182 -
20 25 44 49 1.2 0.134 .0570

10 10 54 0.5 0.260 -
20 10 50 52 0.21 0.126 .0509

10 5 64 66 1.2 0.520 -
20 5 60 59 0.103 0.110 .0644

Note: The above films were sputtered at 3 kV and 0.3 mA/cm from a 45 cm diameter
cathode at a distance of 10 cm.

[Ref. 15410]
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C DM1IUM OXIDE

Dfl2E TEMPERATURE

Electrical
Value Resistivity Carrie Concentration

IKG (10-3 ohm cm) sapl n (1020 cm T OX Rof.

560 1.8 sintored powder 10 20-25 3070

ql2.3 61-250

29 " 23 100-260

0) 1.3 highly c'ompreused 7 100-700
and eLntered powder

13
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PREPAREO &V ELECTIONIC P@oPEIri !NP01MATION CENTER * NUdM4e A164OAFl , UPA*V. CULVr eTYV. C ld1FlA

CADMIUM OXIDE

VIfALECTRIC CONSTANT

5nboi Value sml Test Method L Ref.

- 5.6 CdO cathode sputtered optical 3000K 22103,
films, annealed absorption
nn z 1.4 to 9x1019 cm 3  measured

6.2 powder oil immersion 3000K Ksanda*
A a .6708 a

c. io the optical dielectric constant and is calculated from the r-fractive index.

*K4ANDA, C.J. Comparison Standards for the Powder Spectrum Method - Nickel Oxide and
Cadmium Oxide. AMERICAN J. OF SmI., v. 22, 1931. p. 131-138.

t1 pog c 525

14
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PRZEPAZD BY ELECTAONIC *POIITIEl$ INrORMAV3ON vi[N .001 MUe8 ALlNAM ,I1AWV. : LIU ,IT', MF

CADMIUM OXIDE

DIELECTRIC CONSTANT - Photon energy (a!)

Three cufves showing the optical dielectric _ 9I J4 j1
constant, as a function of the square of 4,5
the wavelength. The 34 microns thick filmI
is prepared by cathode sputtering in a 4J

nitrogen-oxygen atmosphere.

Carrier Concentration

Curve Annealing Temp. OC nn (1019 cm- 3 ) O
t0

+ not annealed 1.6 0 -1
160 10.0 0

o 300 7.0 Wavelength (0s)2

[Ref. 7151]

S ' Xy. Dielectric constent as a function of

t__~______"_.._~_____x 40 photon energy in sputtered cadmium
4J A oxide films, 0.2-1 micron thick.m k. " x WAVELENGTH, # (ju )

\ X Carrier Concentration
.' -'k. X" Sample n, (1020 cm"3 )

u \2 12.1
\ 2 6.55

• -1 3 1.32

241 28 .22 J9

Photon energy (eV)

A2 (,)2 ) () eV

10 3.2 .39
20 4.5 .28
30 5.5 .23
40 6.3 .19 [Ref. 5183]
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R1169AICH AND TI1CHNOLOGY DIVISION - EPCEI NPORDWA"ONA I R O R C r Y T KrM C O M M A N D, C [m m = [ [a

PREPA-4EO INY ELECTRONIC, PROPERTIES IWNORMArlON CRNTrIN * IUGHNE AIjtCRAFT COMPANY. CULVERR CITY. CALIFORNIA

CADMIUM OXIDE

EFFECTIVE MASS (m*)

Sample No. 55 56 57 o50 T9. OK

Hall coefficient (10- 9 .M3/coul) 2.4 3.7 16.5 30.3 300

Thermoelectric power (WV/OK) .090 .103 .174 .214 500

Effective masc ON/mo  0.10 0.11 0.15 0.15 300

[Ref. 109041

Sample-No. 36 22 15 7 20 35

Sintering time (hours) 0.5 0.5 0.5 24.0 0.5 0.5

Sintering temperature (OK) 1200 1000 930 920 1100 1200

Temp. OK

Hall coefficient (to 6 kOe) 14.5 17.0 20.5 3.6 2.5 5.6 300
(10- 9 cm3/coul)

Electron carrier concentration 4.3 3.6 3.1 17.4 25.0 11.2
(1018 cm- 3 )

Temperature coefficient of 11.3 18.0 13.9 3.7 1.4 4.3

resistance (i0-5 ohm cm/deg.)

Effective mass mA/mo  0.05 0.08 0.05 0.08 0.06 0.06

[Ref. 10904)
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PREPARED BY KLECTO... pROPERTIES INFORMATION CENTER * NU0HE8 AIRCRAFT COMPANY. CULYSenl, I IiAOliA

CADMIUM OXIDE.

EFFECTIVE MJASS (mA)

12-

C" 0

W bO

S 4

2 6 10 14

Carrier concentration
(1020 cm-3 )

Electron.effective mass as a function of carrier concentration in cathode
sputtered cadmium oxide films 0.2 to 1 microns thick. Carrier concentration
varies from 1 x 1020 to 12 x 1020 cm- 3, measurements made at 300 0K.

[Ref. 5183)

Symbol Value Sample Test Measurement Temp. Ref.

n  0.16 film, n 1.25 x 1020 cm"3  optical absorption, 1i3 & 17670
0.14 A = 1-2.5 microns 2930K

m 0.14 cathode sputtered films. electrical conductivity, 20- 22103

annealed at 5000C. Hall and thermal emf 7500C
n 5 to 50 x 1020 cm- 3  measurements, also

optical absorption

17
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AI P ORCI SVY TEM COMMAND I

PMEPAR01) DY ULMCThONIC PfOtIPITI6 INFONMATION CENTRO HUGH IJS AInCNAIP COMPANY. CULV2* CITY. CAL#*IP IA

CADMIUL'I OXIDE Temperature (0 K)

ELECTRICAL CONDUCTIVITY 0 100 200 500

Electrical conductivity as a function of
reciprocal temperature for cadmium oxide -

films. Curves are non-reversible.

Cathode sputtered in oxygen, >

annealed in air. 4J
1 7 a Cathode sputtered in air,

annealed in vacuum.

IIb Annealed in air.

III Cathode sputtered in nitrogen-low
oxygen atmosphere.

1/Temperature (i0 3  K-1 )

[Ref. 3926)

Temperature (OK)

500 250 166 125
:>I I I ' I

4,-

'- -28 Log electrical conductivity as a
o- function of reciprocal temperatuie

o for cadmium oxide powder samples

0 -2 compressed at 1000 kg/cm2 and
"4 0r, treated with oxygen.

4-'

S -2 4 1 ~ J---J---J
0 2 4 6 a

!/Temperature (103 oK'1)
[Ref. 12730)
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_j C ENIE

PRUP~ARIED MY ELECTRONIC PROPEITING INFORMATION CE1NTER HUOH&S AIRCRAFT COMPANY. CULVER CITY, CM.IP@RNIA

CADMIUM OXIDE 20 W
ELECTRICAL CONDUCTIVITY

Electrical conductivity as a function 1.6
o:f- frev electron concentration, expressed A
aG nn VI3 (1027 CM-3 ). The temperature01.
parameter of the curve is shown on the .
graph. The samples are sintered cadmiumk
oxide pellets. Slope of conductivity > 1.2
against n' i linear in keeping with 4

the Hcworth and Sondheimer theory. .0 .
0
C-)

0.8

2.0 3.0 4.0

Electron carrier concentration
nn~ (10217 cm-3)

[Ref. 20243]

300 4250

Specimen I

4) 1

F) Electrical conductivity as a function
of temperature for two pressed and

.,q 0.'4 0 sintered cadmium oxide strips.
~:' '4'

ISO Carrier Concentration
Specimen n(102  cm-3)

0 LSpecimen II 0
C) .) 7.5

tOO 400 600 gooI 5.5

Temperature (OK) ef219

rly.219
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P;VFzEyj Gy SLECTMONIC PROPiRITIC INFORMATION CSNTER * NUOHS AIRICRAFT COMPANY. CULVER CITY. CALIFO*NIA

U~.071174.- OXIDE

ELECTfLCAL RESISTIVITY

"-4 .

,-44

0 0

2.25 3.5

> .. q
-,,4

3.) U)

4) 0 50 100 150 209 0
04 0

Temperature (K)

Electrical resistivity as a function of temperature for two pressed sintered cadmium
oxide strips. The solid lines are derived from values of Po, A, and 0 chosen to give
the best possible graphical agreement in the formula: P Po + I The
expression for neighboring values of 0 are shown as broken lines. A is the temperature
coefficient of conductivity and varies with the impurity concentration of each sample.

Temp. Carrier Concentration
Pane(°K) Specimen n (1020 cm- 3 ) p, (ohm cm) 0 (OK) A (ohm cm)-1 /deg

20-250 1 10 .0018 560 2..5
1-250 2 8 .0023 450 2.0

-- calculated

Debye
values

[Ref. 3070J
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iPnEPASR mY WULECrRONIC PR*W91T1k3 INFORMATION CENTft * NUGME A10ClAPT COMPANY. CULVEIR CITY. CALIrOIR#HA

CADMoZUM OXIDE

ELEC' }2RCAL RESISTIVITY

OF Electrical resistivity as a
function of temperature
during sintering for pressed
cadmium oxide pellets.

Sintering is accomplished at
1 atm. oxygen. From 340-3800K>, the sharp drop in resistivity
is believed due to increased

2 -contact of the microcrystals.

200 400 500 G00

Temperature (OK) [Ref. 20243)

Log electrical resistivity as a function 3

of log oxygen pressure for pressed and -0.1

sintered cadmium oxide pellets. Data
taken at temperatures indicated on the
curves.V

S-0.3.

0 I 2 3 4

Log oxygen pressure (mm)

(Ref. 20243)
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PRRD Y MLICTRONIC PROPERT1ito INPORMATION C6NTIR * SU@M6S AIRCRAPT COMPANY. CU16V9Q CITY. CALIFORNIA

CADH IU M OXIDE

ELECTRICAL RESISTIVITY

100%02~

4 - HEATING--.,-. COOLING-10,

7b5% I

25% Oil

100 200 OW 400 30Q too 10

Temperature (0C)

Resistance of cadmium oxide films upon annealing and cooling. Cycle from
100-400+1000C over 75 minutes. Curves are given for films p0oduced in

different oxygen/argon mixtures.

The films are cathode sputtered in an oxygen-argon atmosphere on glass
substrates for 20 minutes; thickness is about 0.06 micron.

Control of oxygen content at 5% yields consistently high-conductivity films
on low temperature substrates.

[Ref. 15410)
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CADMIUM OXIDE

ELJECT1RICAL RESISTIVITY000

Electrical resistivity as a function of
temperature for two pressed sintered cadmiua CUM

oxide strips. Carrier concentration is
>1020 cm-3 . ,.-

'/

0 **.J I I W M

Temperature (OK)

[Ref. 21891

Temperature (OK)
1000 500 333

030-. i I I i

0.25

0.20
0~2

0.15-4
0

S0.10

0.05-h
S" I I I

0 00 200 300 400 500 10 15 20 25 30 35

Temperature I(C) 1/Temperature (10" OK - )

Resintance as a function of reciprocal temperature for pressed powder cadmium

oxide. The high temper,3ture curve is linear with an activation energy of 0.40 eV.

(Ref. 116534
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PgMgPAMELI BY ELECTRONIC PROPERTIES INFORMATION CENT2N N UGMES1 AIRCIPAPT COMPANY, CULVERIII CITY., GAIIP@R1141A

CADMIUM OXIDE

ELECTRONI SECONDARY EMISSION

Energy distribution of the
secondary electr~ons as a
function of the discrete
electron ene rgy loss at
2500C. The curves are
obtained from data taken__
on a 0.5 mm thick cadmium
oxide disc, resistivity
at 3000K = 0.027 ohm cm. M
Tile primary electron energy 0

4) C41

v is shown on each curve. .'4
~ ~gooM

ViL,; tile collector voltage 41H4sIv
V), U

is the initial current lcD4 0%O

j i he secondary current

310V

Discrete electron ene rgy loss V P Vk (V)

[Ref. 23133)

4J

Electron secondary emission u
coefficien-t as a function of 04

ILI 4 1.212
incident electron energy forW
same sample. Q

0 200C 0.0

4) .0 Incident electron energy V P (V)
-I4 ..-

Maximum value is 1.25 at 400W
* volts and varies little with

temperature. 24[Ref. 23133)
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CADMIUM WI-DE~

Change in Ene rgy Gap with
Vymhol TepeaureV/OK (104) buL Temp. OX Ref.

drg/ff -3.3 mm.~ n xj 1016 113-293 17670

*~'Cathode sputtered film 200-400 11868
deposited in nitrogen/low
oxygen atmosphere

-6 *Same film annealed at
!1000c

-2.6 to -5 Single c-'yatal 90-295 20385
n =7 x 1019 Cm3
a =1.3 x 10 (ohm-cm)-1

1---,c page 26.for toource absorption tneaourementri.
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PREPARK") &Y ELICTONIC POOPINTiN IEFOMATION CENTEi H NKu4eS AIACnAF " CHPANV. CULVAN CITv. CAUP04"8A

CADMIUM OXIDE

ENERGY BANDS

Shift In the absorption edge with temperature
t=.. for two cadmium oxide films.

1. This film prepared in nitrogen with
low oxygen.

II. Same cathode-sputtered film after
i, annealing at 5000 C. The absorption

-,- edge is measured at that wavelength

U - for which the absorption constant
t is 2 X 104 /cm. This wavelength

varies with temperature but Is
-J - about .56 micron or 2.2 eV. (This

o iOO too 300 400 is close to the energy gap of 2.35 eV,

Temperature (0K) given in this reference.)

[Ref. 11068]

04'

Square of the absorption coefficient as ai
function of photon energy for a cadmium 11 N
oxide film at five temperatures between °&4

113 and 2930 K. The carrier concentration -

in 8.1x 101 6 cm- 3 .

ug2' is energy gap at 293 0K I-

Eg2  is energy gap at 1130 K -

Ks2  in the absorptior edge at OOK 3.5 fis .,2

Photon energy (cV)

26[Ref, tuOJ
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PROPAAtRD 19V I[UECTYONIC PMOPtRTlr INFORMATION CINT64 M HUM AINGRAFt @UMPANY. CU&V801 CMW1. CML .j'$*4A

CADMIUM OXIDE

ENEICrY CAP (Eg)

Value (eV) Sample Specification Teat Method OK Ref.

2.£ single crystal, reflectivity 295 20385

= 1.3 x 103 (0 cm)-
n = 7 X 1019 cm"3

2 56 it9

2.35 single crystal, annealed 295
28 hrs. at 6001C in oxygen
a = 1.05 x 102 (a Cm)-1

n = 1.3 x 1018 cm
- 3

2. 4 1 98

'2.3 films cathode sputtered reflectvit~ 0 20339

0.1 - 0.2 micron thick 0.3-0.8 mirron
T) 1019 - 1.8 x 1020 :m-3

2.35 cathode sputtered filns reflectivity 300 1J868

in oxygen or nitrogen,
annealed in oxygen

27
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AIR FORCE SYSTEMS COMMAND

pngpAc~go gy gLgcrxomjC POPERTIES INFORMATION CENTER . UGMUS ASACMAPT C@MPAWY. CULVan CoT., cM.#roRNSA

CADMTUM~ OXIDE

ENERGY GAP Energy gap at 200C as a-function of one
hour annealing at temperature indicated on
abscissa for sputtered cadmium oxide films
prepared in-,

2.9 o I. Nitrogen-low oxygen atm.

e II. Pure oxygen atm.

1-, 2.7Curve I is annealed in air which causes the

NIROE energy gap to shift from 2.81 to 2.36'eV.

AIR4 25 - Curve II is annealed in air. This raises

54c 1I~ WE the absor'ption edge.

2.3 - 1 1Curve III Wx is the same film as in
9 200 400 609 Ccurve II, annealed in pure oxygen.

Here, also, the absorption edge is
Temperature (0C) raised.

If the film in Curve III is then annealed
foI hour in nitrogen, the energy gap is

again considerably increased.

[Ref. 11868)

Absorpt.on edge at 200C as a function of
electrical conductivityat 200C for a
cathode sputtered cadmium oxide film- - -

annealed in air between 400 and 6000C - .

followed by annealing at 350 0C in
nitrogen, oxygen or a vacuum. All ~ U -

measurements fall on the same curve. - - -

-Annealing above 3500C causes an increase I -
in conductivity and an energy gap 0 .--4

increase. A decrease in conductivity W
is connected with a shift in energy C . j I

gap toward higher wavelengths (i.e., Eetiacnutvt t2 0

lower energy gap). (0 - m1

[Ref. 11868]
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C-RCPAftED SY ELECTRONIC PROERTIES INFOHMATION CENTER H UGHES AIRCRAFT COMPANY. CULVER CITY, CALIFORNIA

CADMIUM OXIDE

ENERGY GAP

2.6
0>. A O ~

Poiino0erilvl(V
beo hecnutinbn

for limtingenery gposvalueof2.eV Fermi level Valereclu
lace frm eecton arreo conetatonustiong mand .4i

Asneg carrieraconcntion i the ermlee in casethoe ered. levelu

As ht caaye fronte cn dction an d wit a c comain increase in'F m lenerg

gap.

(Ref. 22102
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CADMWM OXIDE

ENERGY LEVELS

Symbol Value (eV) Sam]ple Tm.Ref.

Er 0.6+*0.3 Decrease in Fermi level as 8000C 20243
cadmium content increases with
temperature in a sintered powder
n .- 1018 c-3.

ED 0. 4 CE Pressed powder, excess cadmium 11654.

0'

580yT6

Energy levels for a cadmium oxide film about 0.1 micron thick;
indicated by optical absorption peaks. (See page 5 for graph
of absorption coefficient showing four str~ucture peaks corres-
ponding to various ionization levels.

[Ref. 4453)
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CADMIUM1~ OXIDE

HALL COEFFICIENT

tA -Hall coefficient as a function of
IS XM temperatur, for cadmivo% okid. at

different air and oxygen environ-
ments.

0
U

0

Temperature (0C) (Ref. 5248J

cw 
*

Hall coefficient as a function of 6
oxygen pressure for n-type, two
compressed powder cadmium oxide;
n '.3.4 x 1018 cm-3 .

.44
44
04

102

Log oxygen pressure (mvA)

([Ref. 5248j
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PaCPARO SY ELECTRONIC PROPERYIES INPONMATION CENI* NUTS EHlO AIRCRAFT COMPANY. CULVER CTyt CW.9110"eA

CADMIMI OXIDE

IULL COEFFICIENT

3 5 Variation of the Hall coefficient with
1 magnetic field for three cadmium oxide

30 pellets at 300 0K. The samples are

25- 2 pressed powder, sintered at 600-12000 K.
. L i 2Electron carrier concentrations a'
.'j 20- 2 x 1018 to 4 x 1019 -

0 In general, the Hall coefficient increases
13 with decrease in electron carrier concen-

05 tration, i.e., curve 1 would be for the
sample with the lowest nn.

0 1 2 3 4 5 6 7

Magnetic field (kOe) [Ref. 10904)

36.

Variation with temperature of the Hall 32
coefficient for specimens of differing U
electron concentration. Experimental 2 _

points are-shown in close conformity to 24
curves drawn from theoretical considerations 41
assuming m* = 0.3 mo and the characteristic 20
temperature of the longitudinal optical
phonons is 5000 K. P4

q4 4

Compressed cadmium oxide powders, sintered at u
600-12000 K, n = 2 x 1018 to 4 x 1019 cm- 3 .  08 O
A indicates two curves for highest carrier -4

0 0
concentrations. )A

0 300 400 500 600

Temperature (OK)

[Ref. 10904]
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CADMIUM OXIDE

LIrETIME (r)

Lifetime, (10-15 3ec) Sample Specifications Method Te K Ref.

4.5 film, optical absorption 113-293 17670
1.25 x 1020 cm-3  at 0.35 to 0.6y

1.5 to 4.0 cathode sputtered optical transmission 300 7151
films, A 1 to 14P

1019 to 1020 Cm-3

Microns 0J)
V. tU 1.630 . .

s. o - •

Reciprocal average electron lifetime as a function ii
of photon energy in cathode sputtered polycrystallinq V
cadmium oxide films annealed at 450 0C. Lattice 0-
defects are removed by annealing to 500oC;
nn = 5 x 1019 to 5 x 1020 cm- 3 . Further sample 0
characteristics are not given. The curves are I0
linear and are calculated from refractive index
and absorption measurements. The experimental
points are data for several varied films. The 10
wavelength region is narrow because at 1.5 micron
intrinsic absorption sets in and at 2.5 micron
the experiment- becomes inoperable.

0
0.4 0.6 O0

Photon energy (eV)

[Ref. 22103]
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P222ARE~DY yt. ICTRONIC PmoPrm"7ES IMPCLVMATI604 CRHTGR N UOHRO AIRCRAFT COMPANYI. CU&YRR CITY. CA4.WPFOOIA

CADMIU-44 OXIDE

MAc-N3T IC SUSCEPTIBILITY

Magnetic Susceptibility
x (10-6 cgs) Sample Specifications Temp. OK Rf

-0. 2320 highly puri~ec1 powder 300 7119
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PREPARIED BY ELECTRONIC PROPER11TIES INFORMATION CEINTIER MUSMES A111IRCAFt COMPANY. CULV90 CITY, CALFRA

CADMIUM OXIDE

MAGNETOELECTRIC PROPERTIES

Magnetic field (kOe)

4J

0 2 3

0al 2o 60 61 4

P/Po (x 105) at 5.8 k~e 5.2 4.7 2.9

Electron carrier concentration (1018 cm-3 ) 2.8 3.6 11.2

(Ref. 10904)
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P1IZIPAREO MY ELECTRONIC PROPERTIES ONFORIATION CEINTER M UGHES8 AIRICRAFTr COMPANY. CULVERt CITY. CALIPOR60A

CADMIUM OXIDE

A 50

Mobility as a function of electron carrier,
concentration in cathode sputtered films,
0.2-1 micron thick. Optical data at 3000K>
in the infrared (1.5-7 microns). 30

---calculated from Conwell-Weisskopf 2
formula for mobility of degenerate
semiconductors

expeimetal urv fro c~tica r~tO0
I experimental curve from eoeptical 0

data ,(pRHO). Discrepancies due to Carie c2ncenratio

high resistance transition layers (1020e contaton

in polycrystalline films (1ef. 5183)

Temperature (OK)
100 .158 251 396 631 0)OO

2.2

,>

bO

3 1.4.

20D 2.2 2.4 fi 2A6 3.0 a1

Log temperature (OK)

Mobility as a function of log of temperature. Crystalline cadmium

oxide, n 1018 to 101 9 cm-3 , H =7400 Oe.

[Ref. 8798]
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4I-'

0u *I 0
4J~s t- 0 #-4 --4 Ot- 1-4 N ' m - ) (N
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c: 0
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000

3.0 ---- -

0L9.1
-,

4

1.011

0 200- 400 (40 000o

Temperliture(i)

Reciprocal electron mobility as a~ funct~ion of' tem ?perature in cathode sputtered
cadmium oxide films, annealed at 4500 C,n % 5 x 1.0193 to 5 x 1020 C.13 The
tcmperature coefficient of mobili'ty is almost constant as indicated on the cuzrvea.
The lattice mobility is calculated to be 220 crn2/V sec at 3000K.

[Ref. 22103)
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REFLECTIVITY

Reflectivity as a function of wavele. variou.4 cadhiwn oxide :. °
all measured at 3000 K.

Wavelength K.
Wavelength (P) ' OA 03 OA OYU O .

0.35 0.4 0.5 o., o o., , -,r -- r -r- -r,, -r-i,-, a.- - ooY 4
T- I

24

0 0.4 .,4H , w; ' Ic

-0.2 4) oil

4.0 3.5 .0 2. 2.0 1.5

Photon energy (e) to

Cathode zputtered, n-type 3.0 2.1 1.2 A2

films, 0.18- microns thi,:, Photon energy (eV)
n 15.5 x 1019 cm- 3 .

[Ref. 203393 Single crystal samplcs.
Temperature, carrier
concentration an6 con-
ductivity are given.

[Ref". 2 0385]

Photon energy (eV)
.. .62 .21 .12 .09 .L sputtered film, 34 ,microns thicA.

co 80--ol Treatment nn (1019 cGm 3 )

•, , _+ untempered 1.6

annealed at i0
4J 40 " 160 0 C

I! 20innealed at
0- 3000 C

0
0 2 4 6 8 0 12 14 rR o . 15 !

Wavelength (G)

.3
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REFRACTIVE INDEX (n)

Photon energy :,V)
.31 .16 J03

.'-

'41

01

0 4 8 12

Wavelength (J:

Refractive index as a function of wavelength for a cathode sputtered

film of cadmium oxide, at 3000 K. Film is 34 micron thick.

Symbol Treatment nn 1019 cm- 3)

+ untempered 1.6

* annealed at 10
160 0C

o annealed at 7
300 0C

[Ref. 7151)
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* CADMIUM OXIDE

REFRACTIVE INDEX (n)

Photon energy ieV)

I . 3L4 .46 ,31

• a ' - - b,

Wavelength (tji ,

Refractive index as a function of wavele3ngth for cathode sputter~ed
cadmium oxide films fr;om 0.2 to 1 microi thick, at 3000K.

Carrier Concentration
Graph n (102 0 cm- 3)

++a 12.1
b 1.3.2

[Ref. 5183]

Value (n) Sample Test Method Ref..

2.49 powder sample oil immersion Ksanda*
i ALi=.6708 micron

*'KSANDA,, C.J. Comparison Standards for the Powder Spect.ian Method -NickelOxide and
, Cadmium Oxide. AMERICAN4 J. OF SCI., v. 22, 1931. p. 131-138.
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RICKIRDSONPS CONSTAN~T (A)

Richar'dson'sa Constant,
ap/-nm 2 de&2  ___ 1), 1 Ref.

1.-65 x 10-6 th-ionic ems .n 6037
(GzXIpl3 specification
v'v0: a-.ullab1&
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THERMOELECTRIC PROPERTIES

140
0

0 / ThermoJlectric uif as a function of
~.120T #I temperi1:ure for sintered, cadmium

4-1 1o (599 oxide powder heated 24 hours at
~9 10000K i~d prepared as strips.

too-

9 Carrier Concentrat ion
90, ymb.L (119 m-I

a) 1.7

T -x 1 .6 [ R f .2189J

500 400l 60 O ~crystallinle mfaterial,
3c.ther loose powder or

Temperature (OK) pcllets. (Ref. 5899]

1-1W

Eletrca codctvt a

funcionof empratue fr 4.4 i-U 40 o

0 1.7 44)
U)04

444



F= MiriamP ROPERIUZ
RftSEARCH AND TECHNOLOGY DIVISION 3 O MA MOAI R FORaG IySTEME COMMAND H

PrMUPAR,.o BY ELECTRONIC PROPURTIES INFORMATION CENTER H wUewas AIRCAFT COMPANY. CULVER CITY. CALIFORNIA

CADNIUM OXIDE.

THEIREOELECTRIC PROPERTIES

o100

M Thermoelectric emf as a
80. function of temperature

for sintered cadmium oxide
U 60 pellets. Power curves are
.- 50 calculated for a free
U electron concentration of:

o 30 a) 2.26 x 1021 cm "3

10 b) 1.58 x 1021 cm-3

E- A __ji I

200 300 ,00 500 600 700 800 (a)
300 400 500 600 700 800 900 (b)

Temperature (OK) (Ref. 20243)

S1.0-

OI.o
0.8

Rcsistivity as a function of 0.6
temperature for pellet (b).

0.4

U
.1 0.2-

4, ft.i • I I

300 500 700 900

(Ref. 20243)
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CADMIUM OXIDE

THERPOELECTRIC PROPERTIES

Temperature1K Temperature (OK)

060

S -0.00-

-- 12 -4 I 4 I

l/Tempera i 1 0 " 0 K 1 )

Thermoelectric emf and log elt3ctricc- (,c,-ucvity as a function of reciprocal

temperature for pressed powee'n cadm> -Id .mp rpae noxgno

air at several pressures.

311. MM En oiyg (Ref. 11654:

IV. 7-2 7n a.Lr
V. 7'17 -: o:cygan

(11) -0006

too C ~ .

4- 0 -0.07 ,IV

-0.04

M 0)
. 0.09

Log oc:ygcn pressure

ThemIoelectric emf and log electrical conductivit:y as a function of the log oxygen

pressure at four temperatures for pressed powder cadmium oxide.
.[Ref. 11654]
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I W 1I '= ----. ]+

CADMIU.M OXIDE

THERMOELECTRIC PROPERTIES

t~4 -40 4

____ -30
, -30

a_ I_ ___20

-20

tOO , 200 300 400 0 K 0 100 200 300 4000K

190

Q)3 185 01030
HIa

f 
.180

TI-175 - 25 - T
r04 Temperature (OK) ()

Thermoelectric emf and electrical resistivity as a function of temperature
for compressed cadmium oxide powder.

A nn = 5 x 1019 cm" 3 at 2930 K, ,, 0.35% excess divalenit cadmium
ions.

B Annealed in air at 320 0C for 72 hours, " 0.5% excess divalent
cadmium ions.

[Ref. 12730]
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Flamm

CADMIUM OXIDE Temperature (OK)

98jOCm 500 333 250 200
THERMOELECTRIC PROPERTIES

4j '4

Therqnoelectric emf as a i-
function of temperature * 4 12
for dense cadmium oxide 4- >
pellets,, prepared by 0 1
calcining cadmium
carbonate pellets. 

00CTh- three curves8
represent data taken r

on three separate 6%
samples.

4--------------
I2 3 4 5

1/Temperature (103 OK-i)

[Ref. 5899]

120-

after thorough
100 - annealing at

5800C

after >1Thernoielectric emf as a function of
an ~rti y temperature for cathode sputtered

450lCng , cadmium oxide films, thoroughl~ annealed
at 5000C. n~ 5xlON9 to 5X102 cm-3

..- l SO(Annealing smooths the curve.)

r40
040

"'immediately

deposition

0 100 200 300 400

Temperature (0 0) [Ref. 22103]
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THERMOMAGNETIC PROPERTIES

Temp ,,nte C 4J,

0) 100 156 251 ;,3 51 lo9 H,

1.2

2.2 2. 4

>2.2 .4 2.6 2.6 .3.1

:.og Temp :,tue- (0<'

Transverse Nernst-Ettingshausien coef±i:iont of , evera1 crystalline cadmiumoxide samples as a function of log tc 7 -rature; n ; 1018 to 1019 cm-3 .
H 1740 Oe.

[Ref. 8798_
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Work Function,_eV cativrement Ref.
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